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FULL~SCALE WIND-TUNNEL TESTS OF A 35° SWEPTBACK
WING ATRPLANE WITH HIGH-VELOCITY BLOWING
OVER THE TRATLING-EDGE FLAPS

By Mark W. Kelly and William H. Tolhurst, Jr.
SUMMARY

A wind-tunnel investigation was made to determine the effects of
ejecting hlgh-veloclty alr near the leading edge of plain trailing-edge
flaps on a 35 sweptback wing. The tests were made with flap deflections
from 45° to 85° and with pressure ratios across the flap nozzles from sub-
critical up to 2.8. A limited study of the effects of nozzle location and
configuration on the efficiency of the flap was mede. Measurements of the
1ift, drag, and pitching moment were made for Reynolds numbers from 5. 8 %o
10. 1><lO6 Measurements were also made of the weight rate of flow, pres-
sure, and temperature of the alr supplied to the flap nozzles.

The results showed that blowing on the deflected flap produced large
Tlap 1lift increments. The amount of alir required to prevent flow separa-
tion on the flap was significantly less than thst estimated from published
two~dimensional data. When the smount of air ejected over the flap was
Just sufficient to prevent flow separation, the 1ift increment obtained
agreed well with linesr inviscld £luid theory up to £lap deflections of
60°. The flap 1lift increment at 85° flap deflection was about 80 percent
of that predicted theoretically. With larger amounts of air blown over
the flap, these 1ift increments could be significantly incressed. It was
found that the performance of the flap was relatively imsensitive to the
location of the flap nozzle, to spacers in the nozzle, and to flow disturb-
ances such as those caused by leading-edge slats or discontimnities on the
wing or f£lap surface.

Analysis of the results indicated that installation of this system
on an F-86 eirplane is feasible.
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INTRODUCTION ... . . ... .. . .

The trends of high-speed.alrplane design to high wing loadings and
to configurations having low maximum usable 1ift coefficients have resulted
in renewed interest in the application of boundary-layer. control to atisln
high 1ift. Particular interest has been directed toward the applicatlon
of boundary-layer control at the wing leading edge to delay the stall to
higher angles of attack (ref. 1) and to the use of boundary-layer control
on trailing-edge flaps to provide high lifts at low angles of atteck
(ref. 2). Two methods of applying boundary-layer control to trailing-edge
flaps have been developed sufficlently to be considered for spplicaticn to
production aircraft. One method utlilizes suction through a porous area
near the flap leading edge, while the other utilizes a high-velocity air
Jet directed over the flap upper surface. These two installatlons are
usually referred to as the area-suction flap and the blowing flap, .
respectively. n

Flow separation is prevented on the area-suction flap by removing
the low-energy portion of the boundary-layer alr as 1t passes over the -
leading edge of the flap. Once flow separation has been elimingted, no
further significant increases in 1ift are obtalned by additional suctiocn.
It has been shown (ref. 2) that the 1lift increment produced with area suc-
tion depends on the queantity of boundary-layer alr removed. The pumping
power requirements of the area-suction Plap are relatively low, since only
a small amount of air must be removed from the flap and the pump pressure
ratios required are not large.

Flow separation 1s prevented on the blowlng flap by utillzing a high-
veloclty Jjet of air to.re-energize the boundary layer as 1t passes over the
leading edge of the flap (ref. 3). Unlike the area-suction flap, the blow-
ing flap produces additional gains in 1lift when flows in excess of that
required for attachment are used. The iInvestigation of reference 3 indl-
cated that the momentum of the air ejected over the flap determines the
effectiveness of a blowing flap. If this concept is valid, then it should
be possible to obtain the same aerodynamlc performance from a blowlng flap
by using either high Jjet velocities and low mass-flow rates or low Jet .
velocities and high mass-flow rates. This is a consideration of some .
Importance, because it indlicates that the flow and pressure requirements
of a blowing flap are quite elastlic and can be satisfied by many different

pumping systems.

As polnted out. in reference 3, a moderate amount of high-pressure alr,
which may be sufficlent to satisfy the requirements of a blowing flap, can R
be bled from the compressor of a turbojet engine. However, since the
engine performance deteriorates rapldly as the amount of bleed alr is ~
increased, it 1s important that the mass-flow requirements of the blowing o
flap be kept as low as possible. While the mass-fiow requirements for a

glven jet momentum may obvicusly be minimized.by using the highest possible
«GSNRIDEE
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Jjet velocities, there is also the possibllity that the mass-flow require-
ments may be further reduced by careful design of the flap itself, so that
the jet momentum required to obtaln the desired 1lift is decreased. There-~
fore, a preliminary, small-scale, two~dimensional test wag made to investi-
gate the effects of flap configuration on the momentum requirements of
blowing flaps. Two models were used: One was a single-slotted flap
arrangement with the nozzle located in the wing just ahead of the flap
(such as that used in the investigation of ref. 3); the other was a plain
flap configuration with the nozzle located on the upper surface of the
flap near the point of minimum pressure. It was found that the momentum
requirements of the plain flap were significantly less than those of the
glotted flap. It was also found that the plain flap maintained its effec-
tiveness to higher flap deflections than did the slotted flap. Comparison
of data from other sources (refs. L4 and 5) show similar results in that
the 1ift effectiveness and momentum requlrements of slotted flaps (with
blowing ahead of the slot) were generally improved when the slot was
reduced or eliminated. It was therefore decided to Purther investigate

& plain blowing-flap configuration on a swept wing at full-scale Reynolds
numbers.

The purpose of this investigation was to provide full-scale, three-
dimensional aerodynamic data for & swept-wing airplane having blowing
Plaps. It was also desired to obtain informstion which would ensble appli-~
cation of the results to alrplanes other than the particular one tested.

In view of the fact that the most promising source of air for this type
installation would be compressor bleed air from turbojet engines, and since
8 wide range of bleed-alr pressures is available from verlous englines, spe-
cial effort was made to determine whether the momentum of the air ejected
over the flap was the sole parameter determining flap 1lift effectiveness
over a relatively wide range of nozzle pressure ratios. Since each air-
plane incorporating blowing flaps will probably represent a different
structural problem, this investigation included studies of the effects of
nozzle locatlion, discontinuities on the flap upper surface, and spacers

in the nozzle itself. Finelly, to further a8ld in generalization, an analy-
sis was made which was directed at evaluating the accuracy of predictions
of 1lift increments and momentum requirements which could be made from
theory and two-dimensional data.

NOTATION
a veloclty of sound, f£t/sec
A area, sq ft
b wing span, £t
c wing chord parallel to plane of symmetry, £t
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Cr,

ACy,

ACp
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horizontsl-taill chord, parallel to plane of symmetry, £t

2 b/2 .
mean serocdynamic chord, gu[‘ c3dy
o

drag coefficient, %r!o—aéﬂ

increment of drag coefficient due to flaps

1ift coefficlent, =il
%

Increment of. . 1ift coefficient due to flaps
pltching moment
a,5¢
lncrement of pitchling-moment coefficlent due to flaps

W
flow coefficient, ;ﬁgg

Wi/e

momentim coeffilicient, 75;;'Vj

pitching-moment coefficient,

rate of change of 1lift coefflcient wilith flap deflection
for full wing-chord f£lap (given as Cle in ref. 6)

distance from engine thrust line to moment center, positive
when thrust line is above moment center, ft

Flap lift-effectiveness parameter

WgVep
g X

gross thrust from engine, 1b

WUo
g 2

net thrust from englne, Fg - 1b

acceleration of gravity, 32.2 f£t/sec®

nozzle height, in.

v

jet Mach number, ?g
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P static pressure, 1lb/sq £t
Pt total pressure, 1lb/sq ft
Pa total pressure in flap duct, lb/sq £t
Py duct pressure coefficlent, EQ_:_EQ for blowing, Po ~ Pd Tor
suction © 4o
q dynemic pressure, 1lb/sq £t
R . Reynolds number, E%E; or gas constant for air, 1715 sq ft/sec2 °R
s wing area, sq £t
Sr wing area spanned by flaps, sq £t
T temperature, °r
U velocity, f£t/sec
V3 Jet velocity assumling lsentroplec expansion,
71
72.'_71 RTg{l - <§—°d>7 » £t/sec
V7P velocity at exit of engine tall pipe, ft/sec
W welght rate of flow, 1b/sec
w specific welght of air at standard conditions, 0.0765 lb/cu £t
x distance along airfoil chord normal to wing quarter-phord
line, in.
Y spanwlse distance perpendicular to plane of symmetry, £t
z - height in inchees above wing reference plane defined by quarter-
chord line and the chord of the wing section at 0.663 b/2
A sweep angle, deg
a angle of attack of fuselage referencg line, deg
B¢ Plap deflection, measured normal to flap hinge line (given

as 8 1in ref. 6), deg



BP

TP

«SOMNESRINEID NACA RM AS5I09
flap deflection, measured 1in a plane parallel to the plane of
symmetry (given as © in ref. 6), deg
kinematic viscosity of air, f£t2/sec

angle between engine tail pipe and fuselage reference line,
deg (+6.5°)

pump efficiency

ratio of specific heats for air, 1.4

mess dengity of air, slugs/cu £t

angular distance between flap nozzle and a line drawn through

the flap hinge line perpendicular to the wing chord plane,
(fig. 12) : A

Subscripts

conditions at engine compressor bleed ports

trailing-edge flap duct

englne

trailing-edge flaps

engine intake

flap jet - T mosoTm oo
free stream
uncorrected .
englne tail pipe

two-dimensional
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MODEL AND APPARATUS

Airplane

The model consisted of s YF-86D sirplsne on which the normal single-
slotted flaps had been replaced by plain-type blowing flaps. A photograph
showing the general arrangement of the airplane installed in the Ames 4O-
by 80-foot wind tumnel is presented in figure 1. The major dimensions
and parameters of aerodynamic importance are shown in figure 2. The air-
foil section at the wing root was an NACA 0012-6Lk (modified) and at the
wing tip was an NACA 0011-64 (modified). The ordinates of the airfoil sec-
tions are given in table I. Detalled informatlion for the wing and flaps
is given in figure 3. Static-pressure orifices were Installed in the after-
portion of the flap upper surfeace so that the degree of flow separation
could be estimated.

Flap Nozzles

The nozzle was essentiglly a slit in the flap upper surface extending
over the full span of the flap. A section view of the nozzle is shown in
figure 3. The nozzle blocks were machlined from cold rolled mild steel
stock and were fastened to the top wall of the flap duct with countersunk
machine serews. Various nozzle heights were obtained by shimming the for-
ward nozzle block. This assembly was made rigid enough to hold the nozzle
deflections, under load, to acceptable values without the use of fasteners
or spacers in the high-velocity porition of the nozzle. For part of the
investigation, spacers were simulated by cementing small rectangular pleces
of gasket material at regular intervals in the nozzle. Measurements of the
height of the nozzle along the span of the flap are shown in figure 3(b)
for the nozzle heights used in this investigation. It is seen that, even
with the heavy nozzle construction utilized for the wind-tunnel model, the
percent discrepancies in nozzle height are apprecisble. Also presented
in figure 3(b) are measurements tsken with flow through the nozzle to show
the change In nozzle height due to temperature and pressure effects.

In order to investigate the effects of chordwise location of the
nozzle on the effectiveness of the flap, the flap duct was constructed so
that it could be rotated about the flap hinge line independently of the
flap itself. TFor most of the investigetion the nozzle was located at an
angular setting (8) equal to one-half the flap deflection.
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Engine and Ducting

For these tests, the J-47 turbojet engine normally used in the air-
plane was replaced by a modified J-34 engine. (This was done only because
spare J-47 engines were not available.) The modifications to the J-34 con-
sisted of. (1) enlarging the compressor bleed ports sc that larger quanti-
ties of air could be extracted from the engine compressor, (2) opening up
the tail-pipe nozzle slightly to avoid higher than allowable tail-pipe
temperatures when the engine was operated with large amounts of air bleed,
and (3) replacing the compressor bleed-air menifold with larger ducting to
handle the high flow rates with low pressure loss. The smount of alr
delivered to the flaps was controlled by a butterfly valve in each duct.
The general arrangement of the modified englne mounted on a test stand
is shown in figure 4. A sketch of the engine and ducting used in the alr-
plane is shown in figure 5.

The weight rate of flow to each flap was chtalned from total-pressure,
static~pressure, and temperature measurements at statlons 1 and 2. This
system was caelibrated using a thin plate orifice. The total-pressure and
temperature measurements used for calculating the Jjet momentum were taken
at the entrance to the flap duct (stations 3 and 4 in fig. 5). Static-
pressure and temperature measurements were also made at the outboard end
of the flap duct to cbtain an estimate of the spanwise varlation of the
Jet momentum. . . ——

TESTS

Range of Varilables

The investligation covered a range of angles of attack from -2° to
+23° and Reynolds numbers from 5.8 to 10.1x10%., These Reynolds numbers
were based on the mean serodynamic chord of the airplane (8.08 ft} and
correspond to free-stream dynsmic presgsures from 15 to 55 pounds per
square foot. The range of flap deflections investigated was from h5 to
85°. The pressure ratio (pg/p,) furnished to the flap nozzles was varled
from subcritical up to approximately 2.9 and the guantity flows were from
0 to 6.1 pounds per second. In order to utiiize this range of pressure
ratios the height of the flap nozzle was changed from approximately 0.065
inch to 0.016 inch. The airplane was tested with and without the horizon-
tal tall, and with and without the leading-edge slats extended.
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Method of Testing

To define completely the aerodynamic characteristics of the airplane
as a function of flap Jjet momentum, it would have bheen necessary to obtain
data for various Jet momentum flows throughout the angle-of-attack range.
However, in order to expedite the tests, the momentum flow was varied st
only three angles of attack, o° 3 80, and 1.2° . (The angle of sttack for max-
Imum lift wilth leadling-edge slats retracted was near 12° .) The additional
information required to obtain typical 1ift, drag, and pitching-moment dats
for the airplane was Obtained by testing at several other angles of attack

with 2 constant jet momentum wall shawva +hat ramirired faor Plaow ga+tscrhmant
Wi UL e dcu AUNSLUING L W WAL M dal. LIV Y O Uiilh v J.G!-J_IJ..I.-I.G\.J. ol WAL L ) e U DG e AL L W

Measurement of Engine Thrust

Since & turbojet engine mounted in the fuselage was used as the source
of high-pressure air for the flap nozzles, it was necessary to correct the
measured force data for the effects of engine thrust. The engine thrust
was obtained from both a statlc-thrust calibration using the wind-tunnel
balance system, and from total- and static-pressure measurements at the
engine inlet and tail-pipe nozzle, Gross thrust was obtalined from the
tail-pipe total-pressure measurements by the use of the following equation:

¥-1
- _2Y _(Z\7r _
Fg = CAppPrp 7 @)TP 1

The coefficient C was determined by solving for C 1In the above equatlion
with values of Fg obtained from the static-thrust calibration. The net
thrust of the engline was obtained.by subtracting the ram drag from the
gross thrust.

(We) (Uo)

Fy = Fg - z

The weight rate of flow through the engine, Wg, was obtalined from the pres-
sure measurements at the engine compressor intake by the following equa-

tion:
. 27 (spi)
Wg = Ag ] Cp )

Values of engine net thrust obtained from the static-thrust calibration
and from the pressure measurements were in good agreement (2 percent).
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CORRECTIONS

Effects of Engine Thrust

The force data obtalrned from the wind-tunnel balance system were cor-
rected for the effects of engine thrust as follows:

_ total 1irt _ N

Ccr, = "5 B0 gin(a + €)
_ total drag N
Cp = = +_qos cos(a + €)
total moment Ehd
Cp = +

QoS¢ goSc

The force due to turnlng the engine alr at the inlet is not accounted for

in these corrections, since computations indicated that this force was
negligibhle.

Effects of Wind-Tunnel-Wall Interference

The following corrections for tunnel-wall effects were made:

R
I

Qu + 0.6ll.CLu

Cp = CDu + 0.0107 CLu2

Cm = Cm, + 0.00691 Cr,, (for tail-on tests only)

RESULTS AND DISCUSSION
Typlcal Aerodynamic Cheracteristics
Correlation of momentum coefficient with blowing-flap performance.-

One of the first obJectives: of the test program was to establish whether
the effectiveness of a particular blowing-flap configuration was determined
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solely by the momentum of the air ejected over the flep. This was done
by making & serles of tests on the same basic flap configuration with
various nozzle openings. Typical results of ‘these tests are presented

in figure 6(a). It should be noted that, although the nozzle opening was
changed from & value of 0.01l6 inch to O. 065 ineh (corresponding to values
of hg/c from 0.00017 to 0.00067), good correlation with momentum coef-
ficient is obtailned. The deta presented in figure 6(a) cover a range of
nozzle pressure ratios from suberitical up to 2.9, and therefore a range
of expanded jet velocities from subsonic to supersonic. It should be
noted that no particular aerodynamic difficulties or benefits are asso-
ciated with elther subsonic or supersonic Jet velocities, at least within
the range of pressure ratios available for these tests., Corresponding

+ £ 12+ PPI A + EaN
varigtions of 1ift coefficient with flow coefficient and duct pressure

coefficient are shown in figures 6(b) and 6(c), respectively. Here it is
seen that the effects of nozzle height are significant, and that values

of flow coefficient or pressure coefficient are meaningless unless the
nozzle height is specified. While the data presented in figure 6 are

for O° angle of attack only, similar réesults were obtained at 8° and 12°
angle of sttack. Thus, within the limits of thls investigation, 1t appears
that blowing-flap effectiveness on swept wings is determined by the momen-
tum of the air ejected over the flap. This seme result was obtained in
the two-dimensional investigation of reference 3. However, as pointed out
in reference 5, this degree of correlation with momentum coefficient has
not alwaye been obtained in other investigations, particularly those using
low-pressure air where the jet veloclty is of the same order of magmitude
a8 the free-stream velocilty. '

Typlcal effects of blowing on 1lift, drag, and pltching-moment
characteristics.- Figure T presents the tail-off 1ift, drag, and pltching-
moment charecteristics of the airplane with various £lap deflections with
and without blowing. (All data presented in this report were obtained with
the leading-edge slats in and locked and the tail off unless otherwise
specified.) The data obtained with blowing were taken at constant values
of momentum coefficlent which were more than sufficlent to provide attached
flow for each flap deflectlon. It is seen that blowlng over the f£flsp pro-
duced the type of 1ift and pitching-moment increments which would be
expected from substantial increases in flap effectiveness. The .drag coef-
Picient for a given flap deflection was increased by blowing. This may be
surprising in view of the fact that blowlng over the f£lap should reduce the
amount of flow separation and hence the profile drag of the flap. However,
it must be remembered that the total airplane drag is the sum of both pro-
file and induced drag. Since the total drag was increased by blowing,
while the profile drag was decreased, it must be concluded that blowing
over the flaps resulted in an Increase in induced drag. The use of a short
span, highly effective flap will always cause & significant distortion of
the wing span loading and a resulting increase in the induced drag of the
wing. The order of magnitude of this Induced drag can be estimated from
the theory of reference 6., It should be noted that this induced drag
Increment is a function of flap span and is more for small span flaps than
it is for large span flaps.
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The data presented in figure 7 were obtained with the flap nozzle
located at an sngular setting (6) equal to .one-half the flap deflection,
as previously pointed out in the sectlon “MODEL AND APPARATUS.™ This was
done because previaus research (ref. 2) had indicated that this setting
would put the nozzle near the minimum-pressure point on the flap, and thie
was believed to be near the optimum location. Subsequent testing to deter-
mine the effects of nozzle location (see the section entitled "™Nozzle
location,”™ p. 14) indicated thet this location was, in fact, near the opti-
mm. However, the flep was relatively insensitlve to nozzle posgition and
the data presented in figure 7 are typical af those which would be cobtalned
with the nozzle located anywhere between the minimum-pressure point on the
flap and the wing-flap Juncture.

Figures T(b), (c), and (d) present the variation of 1ift, drag, and
pitching-moment coefficlent with momentum coefficient. As mentioned pre-
viously, the momentum coefficlent was varied only at uncorrected angles
of attack of 09, 8%, and 12°. (The momentum coefficlent was not varied at
12° angle of attack for flap deflections of 75° and 85° since, with these
flap deflections, the wing had already passed meximum 1ift.) Figure T(b)
shows that, as the momentum coefficient was increased, the 11ft at first
Increased rapidly but then the rate of increase fell off tc a relatively
low value. Statlc-prespure measurements on the upper surface of the flap
indicated that the initlal raplid incresse-in 1ift was associated with the
control of the boundary layer on the flap. The additional 1ift obtalned
after the flow was attached was probably associated with an increase in
wing circulation induced hy the jet flow over the flap. The exact nature
of this phenomenon 1s not completely understood at this time.

The dsta presented in figure T(b) indicate that the momentum coeffi-
clent required for a given flap lift increment is relatively low when the
flap deflection is large enough so that the desired 1ift is obtalned by
uging blowing primerily Ffor boundary-layer control rather than to provide
Jet-1nduced circulation. However, there may be applications where the
required momentum coefficient is not critical, but where eilther the drag
or pitchlng-moment lncrease asscoclated with lncreased flap effectiveness
is critical. Figure 8(a), cross-plotted from figure 7(c)6 shows the drag
coefflclents assoclated with given 1ift coefficlents at O uncorrected
angle of attack far various flap deflectlons. It 1s seen that minimum
drag for a glven lift coefficlent is ohtailned when the smaller flap deflec-
tione are used wilth sufficlently large momentum coefficilents. However, 1f
these momentum coefflcients are obtained by bleeding air from turbojet
englnes, the use of large momentum coefficients will generally result in
high thrust loss from the engine. Since it i1s ususlly thrust minus drag
which is of concern, the selection of the .proper flap deflecticn and momen-
tum coefficlent for & particular application will entall an analysis of
both the aserodynamics of the blowing flap and the thrust versus bleed-alr
charscteristics of the engine being used. Figure 8(b) presents a simllar
plot of pitching-moment coefficient agalnst momentum coefficient for a
glven 1ift coefficient at o° angle of attack. This plot indicates that
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the minimum pitching moment is obtained with the higher flap deflections.
However, the margin of superiority shown In most cases is not large and,
in view of the scatter of the pitching-moment data, 1s not believed to be
very significant. It might be noted that. the pitching moment per unit
1ift due to flap deflection is not significantly changed by blowlng. This
is shown in the following table which was obtained from the data presented
in figures T(b) end T(d) for O° uncorrected angle of attack:

8¢p 45° 60° 75° © gs°
CulO 0.006 {0 0.0105| 0 0.01681% 0 0.0255

ACn

AGr -20}-.18 |-.20} -.18 -.181%} -.17 -.16| -.17

Bffects of Reynolds number.- The variation of 1lift coefficient with
momentum coefficient for Reynolds numbers from 5.8 +to 10.1x108 is shown
in figure 9. It is seen that no signlflcant effect of Reynolds number on
the 1ift increment due to blowing was obtained.

Effects of leading-edge slats.- Figures 10(a) and (b) show the effects
of extending the leading-edge slats on the aerodynamic characteristics of
the airplane with and without blowlng on the flaps. It 1s seen that
extending the slats had no significant effect on the flap performance,
that is, had no effect on the 1lift increment due to blowing or the required
momentum coefflcients. The loss in 1lift at angles of attack below maximum
1ift is due primarily to the nose camber effect of the slats. It should be
noted that there is no nonlinearity In the 1lift curve such as that obtained
wlth area-suction £lazps in the investigation of reference 2, where the vor-
tex shed from the slat root spolled the flow over a portion of the flap.
The leading-edge slats did not provlide a significant increase in maximum
1ift, although they did change the type of stall from one that was very
abrupt to one that was relatively gentle. The pitching-moment date show
that, with blowing on, the leading-edge slats did not provide the stable
variation in pitching moment at the stell that was obtained without blow-

ing.

Effect of horizontal tail.- Lift, drag, and pitching-moment data for
the girplane wilith and without the horizontal tail and with and without
blowing on the flap are shown in figure 11. It is seen that with the tall
on and at a constant 1ift coefficient, blowing over the flap produced a
positive pltching-moment change. This was caused by an increase in down-
wash, and possibly dynemic pressure, in the vicinity of the horizontal
tail.
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Effects of Nozzle and Flap Configuration
on Flow Requlrements

Nozzle location.- Figure 12(a) presents 1lift coefficient as e function
of momentum coefficlent for the alrplene with flaps deflected 60° having
various nozzle locations. The dats indicate that, for the range of nozzle
locations availsble with the flaps deflected 60° » no appreciable effect of
nozzle location was found at angles of attack of 8° and 12° ; which are in
the range of most significance as far as landing and teke-off of the alr-
plane is concerned. Figure 12(b) presents similar data with the Flaps
deflected 85°. Here it was possible to move the nozzle far enough down-
stream on the flap so that the flow could not be attached with any value
of momentum coefflclient availeble. In general, these data indicate that,
as long as the nozzle is located between the wing-flap Jjuncture and the
minimum-pressure point on the flap, no significant effect on flow require-
ments will be obtained. It should be noted that, for the case where the
nozzle 1s fixed with respect to the flap, the nozzle should be posltioned
approximately at the location of the minimum-pressure polnt on the flap
for the maximum flap deflection contemplated. At lower flap deflections
the nozzle will then be ahead of the minimum-pressure point on the flap and
satisfactory performence should be obtained.

Effect of spacers in nozzle.- For this phase of the investigation the
nozzle was plugged at regular spanwise intervals to simulate an interrupted
nozzle, that is, several discrete nozzles along the flap span. Data for
various nozzle configurations are presented in figure 13. It is seen that
no significant effect was obtained until nozzles 2 inches long separated
by 1- inch spacers were simulated. For thls arrangement, 1t was found that

increased.

Effect of discontinuitles on flap.- Flgure 14 shows the variation of
1ift coefficlent with momentum coefficient when a full-span step discon=
tinuity was placed on the flap upper surface to simulate conditions that
might be encountered on a production installation. It was found that the
effect of these surface discontinuities was relatively small. However, it
1s expected that these effects would become more serious, 1f the break in
the upper surface were moved cloger to the nozgzle. . = _._ = = __

Comparison With Theory and Two-Dimenslonsl Data

The l1ift increment obtained by blowlng over the flaps 1le caused by
two fundamentally different phenomena: boundary-layer contgyol and clrecu-
lation control. The bouhdary-layer contral effect dominates at low momen-
tum coefficlents and is typified by a relatively rapld increase’ in 1lift
coefficient with increasing momentum coefficient. After flow separation
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has been essentislly ellminated, the effect of ecirculation control becomes
more pronounced and is characterized by a gradual and nearly lipear
increase in 1ift coefficient with increasing momentum coefficient. While
it is not always possible experimentally to separate these two effects
completely, it is convenient for the purpose of analysls to attempt to
identify (1) the 1lift increment due to boundary-lsyer control, (2) the
momentum coefficient required for boundary-layer control, and (3) the
1ift increment due to circulation control.

TLift increment due to boundary-layer control.- Usually any large dis-
crepancies between the 1ift of a wing and that predicted from inviscid
fluid theory can be attributed to flow separation. Since the application
of boundary-layer control should reduce the amount of flow separation, 1t
is reasonable to assume that the 1ift obtained by the use of boundary-layer
control should approximate that predicted by inviscid fluid theory. Fig-
ure 15 shows a comparison of the flap lift increments due to boundary-layer
control obtained in this investigation with those estimated by the theory
of reference 6.1 The experimental flap 1ift ipcrements chosen were those
existing when the flow over the flap first became attached as lndicated
by static-pressure measurements near the flap trailing edze. (The last
pressure orifice was at approximately 98 percent chord.) The momentum
coefficients required to eliminate flow separation for each flap deflectlon
are also presented. It may be seen by referring to figure T(b) that these
momentum coefficients are in the reglon where the rate of increase of 1ift
coefficient with momentum coefficient falls off to a relatively low value.
This affords an alternative, but often less precise, method of selecting
the point of flow attachment. It may be seen from figure 15 that, for
flap deflections up to 60°, the estimated and experimental flap 1if%
increments are in good agreement. The discrepancies between the predicted
and experimental velues at higher flap deflections are believed to he Que .

lThe theoretical flap effectiveness was estimated from

ACT, = <§§%>CL§1 ;%%5-(equivalent to eq. T, ref. 6)

For the F-86D wing

CL§1 = 1.52 (from cross plot of fig. 5, ref. 6)
é%L = 0.58 (from curve for theoretical flap effective-
£

ness, fig. 3, ref. 6. Average cp/fc = 0.23
perpendicular to flap hinge line)

3
I

cos Aptan & = 0.895 tan Sp

(0.58)(1.52) 5 -
=53 8p = 0. 0151[-

g

] T

r
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more to the linearizing assumptions utilized in the theory rather than to
an actual deteriorgtion of the flow over the flap. Even at s flap deflec-
tion of 85° the static-pressure measurements on the flaps indicated thet
attached flow was obtained. T

It should be noted that, when the theory of reference 6 1s used, the
flap effectiveness parameter, da/d&, may be determined either from two-
dimensional theory or from two-dimensional experimental results. In the
foregoing analysis, the value of @a/d& was computed from two-dimensional
thin-airfoll theory. An effort was made to substantiate the use of this
theoretical value by compéring available two-dimensional experimental
resulte with those estimated by thin-airfoll theory. It was realized at
the outset that thin-airfoil theory could not account for all factors
determining flap effectiveness. . However, it was belleved that such a com-
parison would help to correlate the 11ft increments due to boundary-layer
control obtained from the variocus two-dimensional investigations. Such a
correlation would provlide a basis for the use of two-dimensional data for
estimating the 1ift increments of blowing-flap installetlions on various
wing designs. It was found, however, that this correlation could not
readily be made with exlsting two-dimensional data. For example, the
experimental flap 1ift increments due to boundary-layer conmtrol obtained
from two-dimenslonal tests in variocus facilities were from O to 30 percent
below the values estimsted from thin-airfoil theory (refs. 3, 4, and 5).
The reasons for these differences are not completely understood at the
present time. However, since nearly theoretical flap 1ift increments have
been obtalned in some of the two-dimensional.investigations, and in view
of the comparisons shown in figure 15 for the three-dimensional case, 1t
is believed that the theory of reference 6 should, with dm/d& obtained
from two-dimensional thin-airfoll theory, give realistic predictions of
the 1ift lncrement due to boundary-layer control.

Momentum coefficient regquired for boundary-layer control.- At the
present time, no theoretical method exists for predicting the momentum
coefficlent required to prevent separatlion of a turbulent boundary layer
in an adverse pressure gradient. Therefore, an empirical approach using
experimental data is the only avallaeble means of estimating the momentum-
coefficient requirements of blowing flaps. Sincé most of the existing data
for blowing flaps are from two-dimensional investigations, some method of
applying these datas to three-dimensional wings would be desirable. One
method that has been used for this purpose conslsts of a design procedure
similar to that ocutlined in Appendix A of reference 2.2 This method has

“This procedure may be stated mathematically as

Equivelent C“aD =
S¢ cos2A
5 £
For the wing of this investigation . . . o
. c .
- ‘4 -
Equivalent C“zD = (0.39)(0.895)2 3.20 Cp
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been used to obtailn the relationship between the three-dimensional values
of Cp required for flow sttachment (from fig. 15) and the "equivalent”
two-dimensional values based on the component of the stream veloecity per-
pendicular to the hinge line of the flap and the srea of the wing spanned
by the flaps. The results for the several flap deflections are as follows:

Flap Cps Equivalent C,
deflgzéion, three-dimensional +two-dimensional
45 0.006 0.019
60 .0105 .03k
S .0168 .05L4
85 .0255 .082

The sbove-1listed values of equivalent two-dimensional C,'s are
about 60 to 75 percent of those obtained from the small-scale, two-
dimensional investigation described in the introduction to this report.
This could possibly be accounted for by differences between the two-
dimensional flap configuration® and that used in the three-dimensional
tests, or by the low Reynolds number (R = 1.66x10%) of the two-dimensional
investigation. It is also possible that the spanwise boundary-layer flow
on the swept wing or some other three-dimensional effect makes the gbove
simplified procedure inadequate. It might also be noted that the equiva-
lent two-dimensional Cu requirements computed from the data of this
investigation are considergbly helow those required on the best two-
i}mensio?al arrangementes for which published deta are availlable (refs. 3,

, and 5).

Lift increment due to circulation control.- There is no theoretlcal
procedure avallable at the present time for estimating the circulation
control effect obtained by blowing over the flsps. Examinstlon of avail-
able two-dimensional dsta (refs. 3, 4, and 5) indicates that after the
flow over the flap is attached, the value of dCL/dCu is usually between
4 and 8. Comparable values obtained from this investigation are from 6
to 7. From a practical viewpoint, an accurate estimste of this portion .
of the 1lift increment is probably not required. For most airplane instal-
letions in the near future, the limited momentum coefficients available
willl probebly restrict the 1ift due to circulation control to a small
percentage of the totel 1ift increment.

Comparison With Area-Suction Flaps

Since the basic wing of the model used In the investigation of sarea-
suction fleps reported in reference 2 was the same as that used in this

SThe two-dimensional model used a 32-percent-chord flap which was
pivoted about a point on the wing-chord plane.
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investigation, it 1s possible to obtaln a falrly relisble comparison of
the characteristics of these two types of boundary-layer control. How-
ever, In msking this comparison, the following differences in model con-
figuration should be aoted: (1) the flap chord of the area-suction flap
was larger than that of the blowing flap, (2) the hinge line of the area-
suction flap was farther aft than that of the blowlng flap, and (3) the
fuselages used were quite dilssimilar.

Flap 1lift increment.- Figure 16(a) shows a comparison of 1ift incre-
ments obtained from the area-suetion and blowlng flaps at 0% angle of
attack. The 1lift increments for the blowlng flap were chosen, as in fig-
ure 15, at momentum coefficlents for which the flow on the flap first
became attached. The lift increments for the suctliaon flap were corre-
spondingly chosen near the critical flow coefficient. It is seen that
below flep déflections of 60° the 1ift increments obtained from the two
flaps are comparable, but above 60°, the blowing flep appears to be more
effective than does the area-suction flap. A polnt worth ncting when
considering the above comparison 1s thet larger differences In the 1ift
increments would occur if the suction and blowlng flow quantitlies were
not limited to those reguired for flow attachment.

The maximum 1ift coefficient obtained from the model with area-
suction flaps was 1.68. (See fig. 10(a) of ref. 2, data for the model
with F~-86A leading-edge configuration and 55° flap deflection.) The
maximm 1lift coefficient obtained from the alrplane with blowing flaps
deflected 55° was about 1.70. With eilther suction or blowing flaps,
maximum 1ift was determined primerily by flow separation at the wing
leading edge. Extending the leading-edge slats did not give & significant
increase in maximum 1ift for either the area-suction or blowing-flap
configuration. ST T T T e T

Flow and pressure requirements.- A comparison of the varistion of
1ift coefficient with flow coefficient for the two flaps 1s shown in
figure 16(b). For this comparison, data for the blowing flap with a
nozzle helight of 0.03 inch was ised since computations (presented in the
next section) indicated that this was approximately the nozzle height
vhich would be used on an F-86 airplane installation. As mentioned pre-
viously, lower flow coefflcients would produce the same 1lift coefficlent
for the blowing flsp 1f smaller nozzles were used. However, the pressure
ratios required would be corréespondingly larger. In order to make & more
valid comparison between the suction and blowing flaps, the blowing flsp
was tested with a chord extension which gave a chord equal to that of the
suction flep. Data for this configuration are slso shown in figure 16(Db) .
Data for two area-suction flap configurations having different porous
materials are presented. The curve for the area-suction flap with a
porous material of constent thickness was obtalned from figure 11 of
reference 2. The data for the area-suction flap with a porous material
of varisble thickness has not been previously published in this form but
is discussed in Appendix B of reference 2.
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A comparison of the varilation of 1lift coefficient with duct pressure
coefficient for the two flaps is shown in figure 16(c). Again, dsta for
the blowlng flsp with a nozzle height of 0.03 inch are presented. It is
seen that the pressure requirements for the blowing flap with this nozzle
are much higher than those for the areas-suction flaps.

On applications for which it 1s intended to use turbine-engine com-
pressor alr bleed to furnish the air requlred by the boundsry-layer control
system, it is well to note that, for the blowing flap, the smount of air
required by the flap is equal to that teken from the engine; however, for
the area-suction flap this is not necessarily the case. Here the amount
of alr which must be extracted from the engine is determined by the pumping
power needed to remove the requlred amount of air from the flep. The
pumping power requirements of the erea-suction flap are given by

Y=-1
=_R_ (2 _(BaY 7
" = 5568 (7 - 1) WfT°[l <Po ]

If compressed alr from the engine compressor bleed system is used as the
power source for the pump, then the power output of the pump is

-1
- oy L) e - (32)7
® 550g - BPTEP BP.

where 174 1is the efficiency of the puwnp. The amount of engine bleed ailr
required is determined by matching the output of the pump to the power
requirements of the flap. This gives

7-1
1 - (287
We To o

WBp = — =
1 Tpp l_<Po 7=

Application of this equation to the F-86 ailrplane flying at 120 knots with
T5-percent engine rpm (Tgp = 750° R, ppp/P, = 3) indicates that the ratio
of engine bleed-air requirements to flap suction-alr requirements would

be about 0.6 if ejector pumps having efficiencies of 15 percent were used.
If an air turbine driven pump having an over-all efficiency of 60 percent
were used, this ratio would decrease to sbout 0.12.

In summary, these comparisons indicate that, at the same flap deflec-
tion, ‘the 1lift increment due to boundary-layer control of the blowing flap
is larger than that of the area-suctlion flap. This difference in 1ift may
be increased i1f sufficlent air is available to provide the blowing flsap
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with large values of momentum coefficlent. The power reguirements of the
area~suction flaps are considerably less than those of the blowing flaps.
In sircraft instsllations where the source of power ies compressed sir from
a turbojet-engine bleed-air system, these low power requlrements result

In low bleed-air requirements and correspondingly low englne thrust losses
for operation of the area-suction flap.. In general, it is believed that,
for a particular airplane the choice between these two boundary-layer con-
trel systems will depend primesrily upon the engine thrust loss, space
avallable for ducting, and welght penaltles rather than the differences

in thelr aerodynamic characterisgtics.

Application of Results to an F-86 Airplane

Figure 17 presents an applicetion of the results of this investiga-
tion to an F-86 airplane heving a J-47 engine. This plot shows the welght
rate of flow versus pressure-rgtio characteristics of the blowing flap,
the engine bleed-alr system, and various sizes of flap nozzlese. The
hyperbolic~-shaped sclld cuirves reépreserit the weight rate of flow and pres-
sure ratic required to glve a momentum coefficient of 0.012 at flight
speeds of 100, 120, and 140 xnots. Thie is approximately 14 percent above
the momentum coefficient required for flow attachment on the flap deflecthed
60°. These curves were developed from the equation

ngQS

MJ<_1) N

where My and a /ad ere cbtained as functions of pressure ratio from
i1sentropic f10W're1ationships and the duct temperature, T3, 1s obtained
from tempersture- versus pressure-ratio characteristics of the engine
bleed-air system. The welght rate of flow end pressure ratios available
from compressor air bleed .on the J-47 engine at various engine speeds are
shown as dashed lines in figure 17. (It should be noted that the pressure
ratios given here are those exlsting at the engine compressor bleed ports.
The pressure available at the flap nozzle will, of course, depend on the
duct losses of the particular installation. ) The thrust losses assoclated
with extracting this sir from the engine and the conditions where the
allowable tall-pipe tempersture will be exceeded are also shown. It i1s
seen that, to obtain the specified momentum coefficient for this range of
flight speeds, the loss in engine thrust will be approximately 3 to 7 per-
cent. The allowable tail-pipe temperature will not be exceeded for engine
speeds below 98-percent rpm for the meximum value of air bleed considered
here. To aid in the selection of the proper flap nozzle size, the welght
rate of flow which can be driven through various nozzles was computed and
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is represented in figure 17 by the nearly linear broken lines. These
curves were developed from the equation

v = sl ) (@)

where (p*/pd) = 0.6339 and (a*/ad) = 0.9129 for air flow in choked nozzles.
The guantities Pg snd ag Wwere evaluated for air having the pressure and

temperature conditions existing at the engine compressor bleed ports. It
1s seen that, if it is deslired Lo have the flap fully effective for landing
approach conditions (about 100 to 120 knots and TO- to 80-percent rpm), a
nozzle height of 0.02 to 0.03 inch should be used. For thls arrangement
the loss of engine thrust will be @bout 4 or 5 percent. However, if this
same nozzle were used under take~off conditions, the thrust loss would be
about 8 percent unless a throttle valve were used to decresse the flap duct
pressure o values near those cbtained for the landing approach condition.
It should be noted that the selection of 60° flap deflection was made arbi-
trarily for the purpose of this example. It is likely that lower flap
deflection would prove more satisfactory for take-off, since both the drag
and engine thrust loss would be less. However, for any flap deflection

up to 600, these computations indicate that a blowing-flasp installation

on the F-86 airplane would produce large flap lift increments, and that

the thrust loss from the englne would not be prohibitive.

CONCLUSIONS

The following conclusions have been made from analysis of the results
of this investigation:

1. Good correlation of blowing-flap effectiveness with momentum
coefficient is obtained for blowlng-flap installations in the range of jet-
to-free-stream velocity ratios covered in this investigation.

2. The momentum coefficient required for flow attachment on the
blowing flap used for this investigation 1s significantly less than that
eatimated from available two-dimensionsl date.

3. The 1ift increment cbtained by preventing flow separation on the
f£lap can be predicted up to 60° flap deflection by the lineer inviscid
fluid theory of reference 6.

h, Higher 1ift increments than those obtained by preventing flow
separation on the flap can be achieved by increasing the momentum coeffi-
cient to values in excess of that required for flow attachment. However,
these same 1ift increments can generally be obtained with lower momentum
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coefficients by using larger flep deflections with blowing utilized pri-
marily for boundary-layer control, rather than to provide Jjet-induced
circulation.

5. For flap deflections up to 60°, the flap nozzle can be located
on the upper surface anywhere between the minimum-pressure point on the
flap and the wing-flap Juncture without seriously affecting the flap effec-
tiveness. - IT the flap nozzle is moved too far downstream of the minimum-
pressure point, a serious loss in flep effectiveness may result. _

6. The blowing flap is relatively insensitive to spacers or struc-
tural members in the nozzle throat. It 1s alsc Insensitive to flow dis-
turbances such as those obtalned from leading-edge slats or from discon-
tinuities on the surface of the wing or flap.

T. The blowing flap of this investigation retains its effectiveness
to higher flsp deflections than does the area-suction flap of the investi-
gaetion reported in reference 2. At the seme flap deflection, the blowing
flep can produce significantly higher 1ift increments than the area-
suction flap if momentum coefficients in excess of that required to pre-
vent flow separation on the flap are available. If applied to the F-86
alrplane, the blowing flap will require slightly higher flow coefficients
and much higher duct pressure coefflcients than the area-suctlon flap.

In general, it is helieved that the 1ift, drag, and pitching-moment char-
acteristicg associated with each of these means of boundary-layer control
sre similar enough that, for a particular airplane, the choice between the
two systems will depend primarily on such factors as avallable pumping
capacity and space and ducting limitations, rather than thelr aerodynamic
characteristics. . .

8. Application of the results of this investigation to an analysis
of a blowing-flap installation on an F-86 airplane having a J-47 turbojet
engine indicates that such an installation is practicable.

Ames Aeronautical Laboratory
Nationsl Advisory Committee for Aeronsutics
Moffett Field, Calif., Sept. 9, 1955
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TABLE I.- COORDINATES OF THE WING ATRFOIL SECTIONS NORMAL TO THE WING
QUARTER~-CHORD LINE AT TWO SPAN STATICONS
[Dimensions given in inches]

Section at 0.467 semispan }| Section at 0.857 semispan
z z
X Upper Lower x Upper Lower
surface | surface surface | surface
0 0.231 —— o) -0.098 ———
119 .738 | -0.307 .089 278 | -0.46k
.239 943 -.516 i 420 -.605
.398 | 1l.i27 -.698 .295 562 -.739
5971 1.320 -.895 k3 .701 -.879
996} 1.607 | -1.196 .T738 .908 | -1.089
1.992| 2.104 | -1.703 1.476 | 1.273 | -1.437
3.984| 2.715 | -2.358 2.952| 1.730 | -1.878
5.976 1 3.121 | -2.811 L.h28 | 2.046 | -2.176
T.968¢1 3.428 | -3.161 5.903 | 2.290 {-2.401
11.952} 3.863 | -3.687 B.855 | 2.648 | -2.722
15.936 | L4.157 | -4.064 11.806 | 2.911 | -2.94k4
19.920 | 4.357 | -k.36k 14.758 | 3.10h | -3.102
23.904 | L4.480 | -k4.573 17.710| 3.244 | -3,200
27.888 | 4.533 | -k.719 20.661 | 3.333 | -3.250
31.8721 u4.525 | -4.800 23.613 | 3.380 | -3.256
35.856 | L.hih | -4.812 26.56L t 3.373 | -3.213
39.8%0 { %.299 | -4,758 20.516 { 3.322 | ~-3.126
43.825 | L4.08L | -4.638 32.467 | 3.219 | -2.989
47.809 | 3.808 | -L4.u452 35.419 | 3.074 | -2.803
51.793 | 3.470 | -k.202 38.370 | 2.885 | -2.5Th
55.777 1 3.066 | -3.891 41.322 | 2.650 | -2.302
59.761 | 2.603 | -3.52L bh,273 | 2.374 | -1.986
863.745 | 2.079 | -3.089 8y7.225 | 2.054 | -1.625
83.681 | -.7ho -— 63.03L .32L —_—
L.E. radius: 1.202, L.E. radius: 0.822,
center at 1.201, 0.216 center at 0.822, -0.093

aStraight lines to trailing edge
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Figure 1.- Photograph of the YF-86D sirplene mounted in the Ames
. 40~ by 80-foot wind tunnel.
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Figure 2.- General arrangement of the YF-86D airplane.
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(a) General arrangement.

Figure 3.~ Details of wing and blowlng flap.
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Figure 1.~ View of the J-3% engine with bleed-air menifolds installed.
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Flgure 5.- Bketch of bleed-air ducting.
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(c) Variation of 1lift coefficient with duct pressure coefficient.

Flgure 6.- Effect of nozzle height on the flow requirements of the
blowing £lap; Bp = 60°, ay = 0°, R = 7.5x10%, tail off.
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(a) Typical serodynamic characteristics with and without blowing.

Flgure T.- Effects of blowing over the flapa on the serodynamic chsracteristice of the alrplana;
R = 7.%%10°%, tail off, hg = 0,065 inch.
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Figure 7.~ Continued.
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(e) Variation of drag coefficient with momentum coefficient.

Flgure 7.- Continued.
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(4) Variation of piltching-moment coefficlent with momentum coefficient.

Figure 7.~ Concluded.
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(a) Variation of drag coefficient with momentum coefficient.
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(b) Variation of pitching-moment coefficient with momentum coefficient.

Figure 8.- Effects of blowing over the flaps on the aerodynsmic charac-
teristics of the alrplane et various 1lift coefficlents; R = 7.5><106,

tall off, hg = 0.065 inch, oy = O°.
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Flgure 9.~ Variation of 1ift coefficignt wilth momentum coefficient for
verious Reynolds mumbers; By = 60, tail off, hg = 0.040 inch.
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(=) Typical serodynamic charscteristics with and without leading-edge slate.

Flgure 10.- Effects of leading-edge slats on the aerodynamic characteristics of the sirplane with
blowing over the flaps; 8y = 60°, R = 7.5x10%, tail off, hg = 0.040 inch,
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(b) Variation of 1lift coefficient with momentum coefficient.

Figure 10.- Concluded.
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Figure 11.- Aerodynamic characteristics of the airplane with and without the horizontal +all;
Bp = 60°, R = 7.5x10%, hgy = 0.040 inch, tall incidence = 0°.

60IGCY W YOWN




NACA RM A55I09 GONPETI. kL

2.0

1.8 7
.12

N
|l 2
1.6 S :ﬁ,{/
e '

“-"00 ==xB--4

1.‘ IM
4 Vi
afto%
1.2 :933’ -
r &”
' 9 v d
- 1.051 Mﬁo

\
i

~—hozzle
Nozzle position, @ looation
)

o
30
37‘50 seal T

c: centor'or tlsp

0 rotation

———— =
° . 00% . 008 . 012 .016 .0z0 .02% 028 .03
O
(a) B¢ = 60°, ng = 0.040 inch
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Figure 12.- Concluded.
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Figure 13.- Variation of 1ift coefficient with momentum coefficient for

nozzles having various spacer arrangements; &p.= 60°

tall off, hg = 0.040 inch,

s R = 7.5x10%,
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coeffliclent with momentum coeffilcient for

60°, R = 7.5Xx108,



NACA RM AS5I09 L 45

1.4
1.2 A
/O —~——C=. 0255
1.¢
/ "\
a0, =. 0103 Gy=.0168
.8
CU.BQ 006 —\ 4
.6
Symbol
~——— Theory
e ® s Blowing flap
SL for
L rlo
L //// attachment
«2 4///

0 20 4o 60 go 100 120
6
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Figure 16,~ Comparison of aree-~suction and blowing fla.ps, a=0,
= T.5x10%, taill off.
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(b) Variation of lift-coefficient increment with flow coefficient;
By = 55°.

Figure 16.- Continued.
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(c) Variation of lift-coefficient. increment with duct pressure
coefficient; 8p = 55°.

Figure 16.- Concluded.
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Figure 17.- Comparison of flow and pressure-ratio requirements of
blowing flaps, compressor alr bleed availeble from J-47 engine,
and performence of various flap nozzles; 8p = 60°, Cp = 0.012.
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